The objective of this paper is to describe and evaluate a scheme of engineering-economic analysis for determining optimum ship's main dimensions and power requirement at basic design stage. An optimization designs the problem and is arranged into five main parts, namely, Input, Equation,
where X is a vector of n variables and the function g 1 ,….,g m all depend on X. lb and ub stand for low bound and upper bound respectively. This paper employs the Microsoft Excel-PSP software (hereafter PSP) to deal with the above general expression of optimization problem. PSP combines the function of a graphical user interface (GIU), an algebraic modeling language and optimizers for linear, non-linear, and integer program. Each of these functions is integrated into the host spreadsheet program, which allows us to specify an objective function, constraints and other supporting features interactively. The PSP then makes the complete optimization model and produces the matrix form required by the optimizers. The optimizers itself employ the simplex (for LP model), the GRG (for NLP), and branch and bound methods to find an optimal solution and sensitivity information. For the LP problem, the focus of this model representation is the LP coefficient matrix. This is the Jacobian matrix of partial derivatives of the objective function and constraints with respect to the decision variables. In LP problems, the matrix entries are constant and need to be evaluated only once at the start of the optimization. On the other hand, in NLP problems, the Jacobian matrix entries are variable and must be recomputed at each new trial point.
Assuming linear model for a certain problem, the PSP uses a straightforward implementation of simplex method with bounded variables to find the optimal solution. For a NLP, the PSP uses the GRG method, as implemented in the GRG2 code [7, 8] . GRG requires function values and the Jacobian matrix, which is not constant for NLP models. The PSP approximates the Jacobian matrix using finite difference method.
The basic format of the offered optimization process is given in Figure 1 . There are five folders within the optimization, namely the INPUT folder, EQUATION folder, CONSTRAINT folder, OUTPUT folder and the OBJECTIVE FUNCTION. The INPUT folder consists of all the parameters that are used in the entire optimization process. For a complex problem, such parameters can be classified into several directories, which will make fault identification easier. Moreover, the use of the directories also makes the relationship between each directory clearer. The CONSTRAINT folder contains all considerations that must be satisfied and becomes the director of the optimization process. A minimum and a maximum value are set on each constraint to give the working area of the optimization. The optimum values are located in the center of the form. The determination of the minimum and the maximum values depend on the characteristics of the constraints.
Some of them can be logically adopted from the "rules of thumb", such as the range of the length-beam ratio of a tanker for a certain capacity, or the power allowance factor of the main engine for a certain route. The OUTPUT folder has nearly the same characteristics as that for the CONSTRAINT. The OUTPUT folder is composed by independent value (decision variable), on the other hand the CONSTRAINT folder consists of equations that employ parameters from the INPUT folder. In the OUTPUT folder, maximum and minimum values are also set to guide the optimization process.
INPUTS
All optimization methods have the same pattern in which they are formed to find either a maximum or a minimum solution of the objective function.
3. Basic design optimization process for tanker with specified throughput
Problem statement
At the basic design stage, it is required to design a numbers of series ships (tanker), which have optimum main dimension and optimum specified power. The ships are used to serve a crude oil delivering contract of a certain throughput. Economic Cost of Transport (hereafter ECT) is utilized as the objective of the optimization problem. In other words, the minimum ECT must be obtained to guarantee that the optimum design is achieved. The tanker is picked up to serve a certain route with distance of 1600 (optional) nautical miles. Port characteristics require such constraints, as the ship must not exceed 200-m in length and 11-m in draught. The conceptual problem is shown in Figure 2 . Some economic data are employed during the optimization process, as shown in Table 1 . 
Model structure
In favor of making the optimization problem easier, the INPUT folder and the EQUATION folder are grouped into several directories. In this particular optimization, the INPUT folder covers: the ship data, machinery data, reliability data, voyage data, economic data, annual adjustment factor, cargo unloading data, and the cargo loading data. Each directory represents collection of parameters that are used in the calculation process.
The EQUATION folder consists of several directories such as the ship coefficient, machinery, reliability, loading and unloading, fuel, operating cost and the economic considerations. The CONSTRAINT folder comprises of the expected replacement cost, reliability index, unloading pump capacity, specific fuel oil consumption (hereafter SFOC) for Maine Engine (ME) and Auxiliary Engine (GE), cargo handling rate, percentage of the required brake horse power (hereafter BHP), required freight rate, L/B ratio, and the maximum allowable ship length in port. The OUTPUT folder yields the optimum preventive maintenance interval, block coefficient, optimum design draught, optimum Specified BHP, service speed, propeller rpm, number of shore connection unit, B/T ratio, and the number of ships. These values are sought with the main objective to minimize the ECT of the ship. ECT, the objective for this particular optimization problem is composed by several variables, namely the required freight rate (hereafter RFR), the inventory cost of cargo and the annual tons of cargo carried (ATC) [9] .
The optimum value of RFR itself depends on the annual capital recovery of the vessel cost, the annual operating cost, and the annual throughput [10] . If we further trace the ECT's constituents, we could figure out the interdependency of the related variables, as shown in Figure 3 . The sequence of this design process indicates strict relationship among each design consideration. Therefore, the results of one process or sequence directly affect the results of the succeeding or foregoing process. Furthermore, engineering design process obviously becomes more and more difficult when economic factors are taken into account.
For instance, it might be not a simple work to relate the optimum number of shore connection, which must be fitted on a tanker with the resulted RFR or outcomes of the loan repayment scheme. However, it is believed that those variables somehow interconnect and affect each other. Hence, the basic nature of ships and its machinery design optimization process would lie on the ability of the engineers to accommodate all of the design considerations and to provide adequate flexibility in altering the decision variables, while fulfilling the main objective of the optimization process. The optimization problem can be mapped as shown in Table 2 . The objective is to minimize f (X), which is the ECT while determining the optimum value of X 1 to X 12 subject to constraint g 1 (X) to g 16 
(X).
A numbers of 278 basic and dependent equations including a number of polynomials construct the model through folders and directories as above mentioned. The basic ship design and ship resistance formulas are mainly taken form references [11, 12, 13, 14] and the economic parameters and major assumptions related to cost calculation from references [9, 15] .
In model construction process, the most frequent problem is the existence of the cyclic equation Figure 4 : Structure of the optimization model 
Further description of the directories
The INPUT folder consists of given parameters and grouped into several directories. The ship data directory takes the cargo density of 915 kg/m 3 . Appendages factor, which influences the resistance calculation, is assumed to have value of 0.03. This directory also allocates the need to use a reduction gear for engine speed reduction. The machinery data directory allows the alternative of using either single main engine or multiple main engines. The model also provides flexibility in employing number of generator set. This specific tanker design model is only focused on the determination of the main engine and the generator set. Their reliability model is assumed to be represented by Weibull distribution, and its related parameters (γ,β,η) must be defined accordingly. The Weibull analysis is then used to find the best period/interval to carry out the maintenance program. The unit cost of failure replacement and unit cost of preventive replacement is also assumed before the optimization process can be executed [16, 17] . The voyage data directory is one of the vital directories in the optimization model. Optional trip distance and number of intermediate port make the model flexible. The assumed outbound and inbound load factors allow the model to be more realistic. Moreover, in determining the number of voyage per year, we must set in advance the duration required for annual docking days and unscheduled maintenance.
The economic data directory, as shown in Table 1 is gathered from many different sources and plays a very important role within the optimization model. The annual adjustment factor provides more realistic calculation of the operating cost. This allows the annual increase of the operating cost of components to be taken into account. The loading and unloading data are mainly used during the determination of port time and cargo pump capacity.
The EQUATION folder is also divided into several directories. The coefficient and ship directory collects all equations for determining the main dimensional of the ship. Since such equations usually stand as empirical formula, then the interpolation process takes part in play when the some values lie beyond the original range [15] . The determination of ship resistance and power prediction is carried out using Harvald power prediction method [13] . The propeller design and its cavitation prediction are based on the Wageningen B-series propellers [11, 12, 13] . The vessel cost directory allows us to perform a basic hull cost, outfit cost, machinery cost and estimated overhead cost [9] . These calculations employ many constants taken from many related sources. The SFOC-Speed-Power directory estimates the optimum percentage of rated BHP to be used during the service condition. This estimation is aimed to minimize the SFOC and to provide appropriate operational condition (speed) of the propeller. The reliability directory determines failure rate, reliability and unreliability of the main engine based on the given Weibull parameters. This directory also estimates the expected length of operating hours before failure cycle. The number of voyage per year, which strongly influences the ECT, is optimized in the trip per year directory.
Unfortunately, to find an integer number of operated ship, the calculation might generate a non-integer number of voyage per year. A decision must be made whether accepting the optimization results by rounding up or down the number of voyage per year, or altering other parameters to find a more realistic value of the annual number of voyage. The Fuel and lubricating oil directory estimates the annual fuel and lubricating oil requirement. Since the model does not refer to any particular engine, the calculation is then made empirically. The operational cost directory determines the annual operational cost for all ships. To deal with this estimation, some parameters such as unit insurance cost, unit port cost, unit crew cost and other unit costs must be assigned in advance. Because the investment scheme also affects the value of the optimized ECT, the loan repayment directory and the time value of money directory are then allocated to
give flexibility for determining the preferred investment scenario.
Analysis
The appendix shows the summary of optimization results for 5 models that subject to 5 different throughputs for a specific distance of 1600 miles. It is observed that the optimization model becomes very appreciative for different throughput. The determination of the minimum and maximum values of the constraints and the outputs, which determine the feasible area of the optimization, is the privilege of the designer.
The optimization results are obtained by solving each model several times with various decision variable's initial values, whilst keeping constant the maximum and minimum value of the constraints. If the optimization results remain the same and no single constraint is violated, then we can consider that the optimization program is stable. This convinces us that there is no other set of values for the decision variables close to the current value, which yields a better value for the objective. In other words, we found a peak if maximization, or valley if minimization. No constraint is violated. This is because of the wide range of the maximum and minimum value of the constraints and output. However, when the throughput per year is set to be 700.000 ton, the upper limit of the cargo carrying capacity of the ships is violated. Expanding this maximum value does not directly solve the problem because the maximum port time's constraint would then be broken. Increasing the allowable port time might be not a suitable solution, since it would also significantly increase the ECR. In this case, the remaining alternative is by increasing the maximum cargo pump capacity or adding the number of cargo pump. This option would be an improper solution if there were restrictions on the available space for additional pump, and this addition would also increase the requirement for maintenance and spare part. Again, the sensibility of the design mainly depends on that of the input parameter values and the width of the constraint as well as the preciseness of the adopted equations. Additional directories can also be set within the program, and for instance, some directories for specific machinery subsystem evaluation can be added within the optimization program.
Optimum Cost Estimation for Various Throughput
The appendix also shows the optimum specified BHP for each model, the SFOC for the main engine and the diesel generator. The optimization results also suggest the optimum percentage of rated BHP, in which the main engine is preferably operated. Propeller's main characteristics, i.e., rpm, diameter, and pitch ratio are also obtained. Figure 5 shows that the existing constraints on draught and maximum allowable ship at port determine the main dimension and number of the ships. These constraints make the optimum draught of the ships for transporting cargo of more than 300,000 ton always adjacent to the upper limit of 11 meter. This condition generates the maximum cargo carrying capacity and eventually reduces the ECT, which is sought by the objective function.
Results verification
To verify the performance of this optimization program, comparison on BHP, DWT, and T (draught) has been made to about 300 tanker data. The comparisons are shown in Figure 8 -9. Generally, it is observed that the results of the simulation can gently conform to the real data. We can roughly consider that the optimization results can conform to the real ship design. At some points the optimization result drastically shift to a new point which causes the resulted trend-line cannot be smooth. This is caused by any adjustment made to the optimization program, which is different from that of the previous one. For instance, if the throughput is less than 300.000 ton, then we could set the maximum cargo carrying capacity of the constraint at the value of 25.000 ton. Once we increase the throughput, the optimization cannot produce optimum results, until we increase the maximum value of the cargo carrying capacity.
For the purpose of the economic result verification, we compare the optimum number of voyage, the ECT and the RFR, which are obtained from our optimization, with the one that obtained by using RFRSIM [9] . The RFRSIM is a compiled FORTRAN program, which calculates the RFR and ECT when, input are expressed as normal or truncated-normal variants. There are 24 basic input parameters must be employed within the RFRSIM. Several adjustments must be done prior to the optimization using RFRSIM.
This adjustment enable the optimum results from the PSP become the input parameter for the RFRSIM.
The major different between the RFRSIM with our optimization model is that the RFRSIM using predefined unit capacity of vessel in order to obtained the ECT and the RFR, instead of using throughput as used in our optimization model. Our optimization results also recommend the optimum ship's main dimensions that minimize the ECT. 
DWT-BHP and DWT-LPP

Conclusion
In the present article, The PSP has been used to determine the optimum ship main dimensions and its power requirement at the basic design stage. The optimal design is defined as the one that minimizes the economic cost of transport (ECT).
For basic design stage or feasibility study purposes, this method could be employed before commencing any further design stage. The case study presented here shows how this optimization program can effectively and precisely consistent with the real ship's design. Furthermore, it is also observed that the difficulties of using PSP to solve optimization problems do not manifest in the PSP construction viewpoint. Instead, is via the way to express every optimization problem in mathematical expressions, which can be executed by the spreadsheet. 
